Subramanian VS, Subramanya SB, Said HM. Chronic alcohol exposure negatively impacts the physiological and molecular parameters of the renal biotin reabsorption process. Am J Physiol Renal Physiol 300: F611-F617, 2011. First published January 5, 2011; doi:10.1152/ajprenal.00707.2010.-Normal body homeostasis of biotin is critically dependent on its renal recovery by kidney proximal tubular epithelial cells, a process that is mediated by the sodiumdependent multivitamin transporter (SMVT; a product of the SLC5A6 gene). Chronic ethanol consumption interferes with the renal reabsorption process of a variety of nutrients, including water-soluble vitamins. To date, however, there is nothing known about the effect of chronic alcohol feeding on physiological and molecular parameters of the renal biotin reabsorption process. We addressed these issues using rats and transgenic mice carrying the human SLC5A6 (P1P2) 5=-regulatory region as an in vivo model systems of alcohol exposure, and cultured human renal proximal tubular epithelial HK-2 cells chronically exposed to alcohol as an in vitro model of alcohol exposure. The [ 3 H]biotin uptake results showed that chronic ethanol feeding in rats leads to a significant inhibition in carrier-mediated biotin transport across both renal brush border and basolateral membrane domains. This inhibition was associated with a marked reduction in the level of expression of SMVT protein, mRNA, and heterogenous nuclear RNA (hnRNA). Furthermore, studies with transgenic mice carrying the SLC5A6 5=-regulatory region showed that chronic alcohol feeding leads to a significant decrease in promoter activity. Studies with HK-2 cells chronically exposed to alcohol again showed a marked reduction in carrier-mediated biotin uptake, which was associated with a significant reduction in promoter activity of the human SLC5A6 5=-regulatory region. These findings demonstrate for the first time that chronic ethanol feeding inhibits renal biotin transport and that this effect is, at least in part, being exerted at the transcriptional level.
THE WATER-SOLUBLE VITAMIN biotin is required for normal cellular metabolism and growth in humans owing to its participation in many critical metabolic reactions (8, 44) . Biotin deficiency leads to a variety of conditions including, neurological and dermatological disorders (17, 46) . Suboptimal biotin levels and biotin deficiency have been observed in a variety of conditions including chronic alcoholism, in patients with inborn errors of biotin metabolism, those on long-term therapy with anticonvulsant agents, or parentreal nutrition, in patients with Crohn's disease, and in infants with seborrhoeic dermatitis and Leiner's disease (1, 7, 15-17, 20 -22, 27, 28, 45) .
Mammals, including humans, have lost the ability for de novo biosynthesis of biotin and therefore must obtain the vitamin from exogenous sources via intestinal absorption. Circulating biotin undergoes filtration in the renal glomeruli and is salvaged via reabsorption by renal proximal tubular epithelial cells. Thus the kidneys also play an important role in maintaining and regulating normal body homeostasis of biotin. Studies from our laboratory and others have examined the transport process of biotin in renal epithelia using a variety of human and animal kidney preparations (3-5, 29, 30, 39, 40) . The results showed that the entry of biotin into the polarized renal epithelial cells across the brush-border membrane (BBM) is via a specific, carrier-mediated, and Na ϩ -dependent process that is mediated by the sodium-dependent multivitamin transporter (SMVT) (4, 5, 29, 30) . On the other hand, exits of biotin across the basolateral membrane domain (BLM) of renal epithelial cells are via a specialized carrier-mediated system that is Na ϩ independent in nature (30) . Exclusive expression of SMVT at the apical membrane domain of renal reabsorptive epithelia has also been confirmed by immunological and confocal imaging studies (29, 39) . Other studies have examined cellular and molecular aspects of the SMVT system that have been cloned and characterized the 5=-regulatory region of SLC5A6 gene (which encodes SMVT) from different species (10, 11, 13, 31, 32, 34) . Furthermore, the renal biotin uptake process has been shown to be adaptively upregulated during biotin deficiency via a transcriptional regulatory mechanism(s) involving the SMVT system (3).
In humans, chronic alcohol use is associated with a marked reduction in plasma biotin levels (7, 15) . Chronic alcohol feeding in rats was also found to be associated with a significant reduction in plasma biotin level and with an inhibition in intestinal absorption of the vitamin (37, 42) . Whether chronic alcohol feeding also affects the renal reabsorption process of biotin is not known and was examined in this study. We used rat and transgenic mice carrying the full-length human SLC5A6 5=-regulatory region as an in vivo model of chronic alcohol exposure, and human-derived proximal tubular kidney epithelial HK-2 cells chronically exposed to ethanol in culture as an in vitro model system of alcohol exposure in our investigations. The results showed, for the first time, that chronic alcohol feeding of rats inhibits the entry and the exit steps of biotin in the polarized renal reabsorptive epithelia, i.e., transport across the BBM and BLM domains, respectively; it was also associated with a significant reduction in the level of expression of SMVT protein, mRNA, and heterogenous nuclear RNA (hnRNA). Also, chronic alcohol feeding of transgenic mice carrying the human SLC5A6 5=-regulatory region led to a significant reduction in promoter activity of the region in the kidney. Finally, chronic alcohol exposure of HK-2 cells was found to lead to a significant inhibition of biotin uptake which was associated with a reduction in promoter activity of the SLC5A6 5=-regulatory region.
MATERIALS AND METHODS

Materials
[ 3 H]biotin (specific activity 30 Ci/mmol; radiochemical purity Ͼ98%) was obtained from American Radiolabel (ARC, St. Louis, MO). Cellulose nitrate filters (0.45-m pore size) were purchased from Fisher Scientific. Unlabeled biotin and other chemicals including molecular biology reagents were obtained from commercial vendors and were of analytic grade.
Ethanol Feeding of Rats and Transgenic Mice
Male Wistar rats (Charles River, Wilmington, MA) weighing ϳ120 g (ϳ14 wk old) were housed at the Animal Core of the NIAA-funded Southern California Research Center for Alcohol Liver and Pancreatic Diseases (ALPD) and Cirrhosis at the University of Southern California (Los Angeles, CA). The animal use committee of both the University of Southern California and the Long Beach Veterans Affairs Medical Center approved the experimental protocols. Rats were fed the Lieber-DeCarli alcohol liquid diet (ethanol provided 36% of total ingested calories; BioServe, Frenchtown, NJ) (24, 25) for 2 and 4 wk. Control rats were pair-fed with the same liquid diet but without ethanol (maltose-dextrin isocalorically replaced ethanol). Two alcohol-fed rats and their two pair-fed controls were euthanized at the time of the study, and their kidney cortices were removed and pooled and processed immediately for isolation of renal BBM vesicles (BBMV) or BLM vesicles (BLMV). For RNA expression studies, part of the fresh kidney tissue from the ethanol-fed and control rats was removed and stored at Ϫ80°C in TRIzol (Invitrogen, Carlsbad, CA) for RNA isolation.
Transgenic mice carrying the hSMVT [SLC5A6 (P1P2)] 5=-regulatory region generated and characterized before (34) were used in this investigation. Briefly, we cloned the human SLC5A6 5=-regulatory region of 2,167 bp (P1P2; Ϫ5846 to Ϫ3679 using the A in the initiator ATG sequence as position 1) and fused the fragment to the luciferase reporter gene (13) . We then generated a mouse line that carries the human SLC5A6 5=-regulatory region (P1P2) fused to luciferase reporter gene (using the University of California-Irvine transgenic mouse facility) and determined promoter activity in various tissues (34) . The transgenic mice were fed the Lieber-DeCarli ethanol liquid diet (ethanol provided 25% of total ingested calories and was introduced gradually; calories were increased by 5% every day until we achieved 25%; Dyets, Bethlehem, PA) (25) for 4 wk. Control littermates (sex matched that had similar basal firefly luciferase mRNA expression) were pair-fed with the same liquid diet but without ethanol (maltose-dextrin isocalorically replaced ethanol). The weight of the mice was monitored every week, and there was no significant difference in weight noticed between alcohol-fed mice and their pair-fed controls. To determine the firefly luciferase activity in renal tissue of mice, animals were euthanized, and kidneys were removed and placed in ice-cold passive lysis buffer (Promega). The kidneys were then homogenized using a hand blender, and the firefly luciferase activity was measured as described previously (34) . Luciferase assays were normalized to total protein for each sample measured using a protein assay kit (Bio-Rad). The total RNA was also isolated from fresh kidneys for measuring mouse endogenous SMVT mRNA expression level by real-time PCR (33) using mSMVT (forward: 5=-CGTAGGAACTTTGGTAGCCCTGG-3=; reverse: 5=-CTTAGGT-GTGATGGGTCTCTCC-3=) and mouse ␤-actin (forward: 5=-CATC-CTGCGTCTGGACCT-3=; reverse: 5=-TGATGTCACGCACGATT-TCC-3=) gene-specific primers as described below. Both Long Beach Veterans Affairs and University of California, Irvine institutional animal care and use committees approved the experimental procedures used in this investigation.
Isolation of Rat Renal BBMV and BLMV and Transport Investigations
Isolated rat renal BBMV and BLMV were freshly prepared using the divalent (Mg 2ϩ ) cation chelation method and Percoll-gradient differential centrifugation method, respectively, as described previously (6, 29, 36, 38, 41) . The purified BBMV and BLMV preparations were preloaded with a buffer of 280 mM mannitol and 20 mM Tris-HEPES, pH 7.4, and incubation was performed in a buffer containing 100 mM NaCl, 80 mM mannitol, and 20 mM Tris-HEPES, pH 7.4 in the presence of 0.25 M [
3 H]biotin. Uptake studies were performed using BBMV and BLMV at 10 s (initial rate) (5) at 37°C using a rapid-filtration procedure (18) .
Quantitative Real-Time PCR Analysis
Quantitative real-time PCR was performed using a Bio-Rad iCycler (Hercules, CA) and their SYBR green PCR mix. Total RNA (5 g) was isolated from the kidneys of ethanol-fed rats and their pair-fed controls; this was primed with oligo-dT primers to synthesize firststrand cDNA (Superscript First Strand Synthesis RT-PCR kit, Invitrogen). To amplify the coding region of rat SMVT and ␤-actin, we used gene-specific primers for rat SMVT (forward: 5=-GAGGAT-GACTGTGGCGAGCAC-3=; reverse: 5=-CAGCTCACCAACAG-TATGGC-3=) and ␤-actin (forward: 5=-GTCAGGTCACTATCGGC-3=; reverse: 5=-CATGGATGCCACAGGATTCC-3=). Real-time PCR was performed as described previously (33) using a Bio-Rad CFX96 real-time PCR machine. Data were normalized to ␤-actin and then quantified using a relative relationship method supplied by the iCycler's manufacturer (Bio-Rad) and as described before (26, 33) .
Western Blot Analysis
To determine specific protein abundance in purified BBM, we performed Western blot analysis using purified BBM prepared from the kidneys of ethanol-fed rats and their pair-fed controls as described earlier (29, 41) . BBM proteins (60 g) were resolved onto premade 4 -12% Bis-Tris minigels (Invitrogen) as described before (39, 41) . After protein separation, proteins were electroblotted onto polyvinylidene fluoride membrane (Bio-Rad) and then blocked with a PBS-Tween 20 solution containing 5% nonfat dry milk (Bio-Rad) for 1 h at room temperature. The membrane blot was then incubated with rat SMVT-specific polyclonal antibodies that were raised in rabbits against the LYHACRGWGRHTVGELLMADRK peptide, which corresponds to amino acids 44 -65 of the rat SMVT sequence (Alpha Diagnostic, San Antonio, TX). Immunodetection of the specific bands was performed by incubating the membrane with secondary antibodies [goat anti-rabbit conjugated to horseradish peroxidase (HRP); Santa Cruz Biotechnology, Santa Cruz, CA] and with an enhanced chemiluminescent (ECL) substrate (Amersham, Arlington Heights, IL) as described before (39, 41) . The appropriate membranes were stripped using a reblotting stripping solution (Chemicon, Temecula, CA) and incubated with ␤-actin antibodies raised in goat (Santa Cruz Biotechnology) and then incubated with bovine anti-goat HRP-conjugated secondary antibodies (Santa Cruz Biotechnology). The immunoreactive bands were developed using an ECL substrate as described previously (41, 43) then quantitated (as unitless measurements) using the UNSCAN-IT gel automated digitizing system, version 6.1 (Silk Scientific).
hnRNA Analysis
To examine the effect of chronic alcohol feeding on the level of expression of hnRNA of SMVT, total RNA [treated with DNase I (Invitrogen), 1 g RNA/unit to exclude genomic DNA contamination during PCR amplification] was isolated from the kidneys cortex of ethanol-fed rats and their pair-fed controls as described previously (2, 14, 19, 41, 43) . DNase I-treated RNA was then reverse transcribed as described above with the random hexamer (Invitrogen). To ensure amplification of hnRNA, the forward and reverse primers were designed as described before (14) . Semiquantitative RT-PCR was performed using the rat SMVT-and ␤-actin gene-specific primers [SMVT (forward: 5=-CTAAGGAAGATGCCTGATG-3=; reverse: 5=-CTCTGGGAAAAAGAGTCAG-3=)] and ␤-actin (forward: 5=-CT-GCTCTTTCCCAGATGAG-3=; reverse: 5=-CTCATAGATGGGCA-CAGTG -3=) and conditions as described previously (41, 43) . RNA treated with DNase I (without conversion into cDNA) was used for PCR amplification with rat SMVT-specific primers as a negative control (data not shown). The PCR amplified products were run on 1% agarose gels, the image was captured using Gel-doc (Bio-Rad), and specific bands were quantified (as unitless measurements) using UNSCAN-IT software (Silk Scientific).
Cell Culture, Alcohol Exposure, and Uptake Assay
The human-derived renal proximal tubule epithelial HK-2 cells (passages 12-20, ATCC, Manassas, VA) were grown on 12-well cell culture plates (Corning) in K-SFM medium containing epidermal growth factor (5 ng/ml), bovine pituitary extract (40 g/ml), 10% fetal bovine serum, and penicillin and streptomycin as we described before (3, 23) . Fifty millimolar ethanol (a concentration comparable to a blood alcohol level of chronic alcoholic subjects) (12)-containing medium was added to cells on the following day, and cells were grown in an ethanol-saturated 5% CO 2 incubator, maintained at 37°C, for 96 h with a media change every 12 h to minimize changes in ethanol concentration (43, 47 ). An uptake assay was performed at 37°C in Krebs-Ringer buffer as described before (3, 39, 40) . The protein content of digested samples was determined using a Bio-Rad protein assay kit.
Cell Transfection and Promoter Assay
HK-2 cells were cotransfected with human full-length SLC5A6 (P1P2) 5=-regulatory region constructs which we generated and characterized previously (13) along with the pRL-TK (Renilla luciferasethymidine kinase, Promega) in the presence of Lipofectamine 2000 (Invitrogen). After 24 h of transfection, cells were exposed to 50 mM ethanol-containing growth medium and kept at 37°C in an ethanolsaturated incubator for 96 h with media changed for every 12 h. Ninety-six hours later, chronic ethanol-exposed cells were lysed and both firefly and Renilla luciferase activity were measured using a 20/20 luminometer as described previously (13, 34) .
Statistical Analysis
Data on carrier-mediated biotin uptake in renal BBMV and BLMV were the result of multiple separate determinations from multiple rats and are expressed as means Ϯ SE. Similarly, carrier-mediated biotin uptake by human proximal tubular epithelial HK-2 cells is means Ϯ SE from multiple separate determinations from different cell batches. Uptake of [ 3 H]biotin by the carrier-mediated process was determined by subtracting the uptake in the presence of 1 mM unlabeled biotin from the uptake in its absence. Uptake data are expressed as the percentage relative to simultaneously performed controls because of observed variability in the absolute amount of biotin uptake. Differences between control and alcohol-fed animals or alcohol-exposed HK-2 cells were tested for significance level at P Ͻ 0.05 using Student's t-test. Western blot, real-time PCR, hnRNA analysis, and luciferase activity were performed with at least three separate samples prepared on different occasions.
RESULTS
Effect of Chronic Alcohol Feeding on Physiological and Molecular Parameters of Biotin Uptake Process in Rat Kidney Cortex and in Transgenic Mice Carrying SLC5A6 5=-Regulatory Region
Effect of chronic alcohol consumption by rats on carriermediated biotin transport across rat renal BBM and BLM domains of polarized renal epithelia. The effect of chronic alcohol use on biotin entry into rat renal epithelial cells, i.e., transport across the BBM, was examined using purified BBMV isolated from the kidney cortex of alcohol-fed rats and their pair-fed controls. The biotin uptake assay was performed as described in MATERIALS AND METHODS. Results showed a significant (P Ͻ 0.01) inhibition of biotin (0.25 M) uptake in rats fed alcohol for 2 and 4 wk compared with their pair-fed controls (Fig. 1, A and B, respectively) .
In another study, we examined the effect of chronic alcohol feeding (for 4 wk) on the exit of biotin from polarized renal epithelial cells, i.e., transport across the BLM, using purified BLMV isolated from the kidney cortex of alcohol-fed rats and their pair-fed controls. The results showed a significant (P Ͻ 0.01) inhibition of carrier-mediated biotin (0.25 M) uptake by renal BLMV from alcohol-fed rats compared with their pairfed controls (Fig. 2) .
Effect of chronic alcohol feeding on molecular parameters of biotin transport in rat kidney cortex. We utilized Western blotting techniques to investigate the effect of chronic alcohol feeding on the level of expression of the rat SMVT protein at the renal BBM domain. Rat SMVT polyclonal antibodies used in this study have been previously characterized (29, 39) . Western blot analysis showed a significant (P Ͻ 0.01) reduction in the level of expression of SMVT protein in BBM preparations isolated from kidneys of alcohol-fed rats compared with those isolated from their pair-fed controls (Fig. 3) .
In another study, we examined the effect of chronic alcohol feeding (4 wk) on steady-state mRNA level of expression of SMVT in rat kidney cortex using quantitative real-time PCR. We performed PCR using gene-specific primers designed from the open reading frame of rat SMVT on mRNA isolated from alcohol-fed rats and their pair-fed controls (MATERIALS AND METHODS). The real-time PCR analysis (normalized relative to ␤-actin) showed a significant (P Ͻ 0.01) decrease in the level of expression of SMVT mRNA in the kidneys of alcohol-fed rats compared with pair-fed controls (Fig. 4) . These studies suggest that decrease in mRNA level in chronic alcohol feeding may be (in part) due to a decrease in the rate of transcription of the Slc5a6 gene (which encodes SMVT). To address this issue, we employed two approaches. In the first approach, we determined the level of expression of SMVT hnRNA (level of hnRNA of given gene can be used as an indicator of the transcriptional rate of that gene) (2, 9, 14, 19, 35, 41, 43) in kidney cortex of rats fed alcohol chronically (4 wk) and compared the findings with the level in pair-fed controls. The results showed a significant (P Ͻ 0.05) decrease in the level of expression of SMVT hnRNA in the kidneys of alcohol-fed rats compared with their pair-fed controls (Fig. 5) .
In the second approach, we took advantage of the availability in our laboratory of transgenic mice carrying the human SLC5A6 5=-regulatory region to examine whether chronic alcohol feeding affects SMVT transcription rate. In these studies, Values are means Ϯ SE of 6 -8 separate uptake determinations from multiple sets of rats. *P Ͻ 0.01. Fig. 3 . Effects of chronic alcohol feeding of rats on level of expression of sodium-dependent multivitamin transporter (SMVT) protein in the kidney brush-border membrane (BBM). A: Western blot analysis was performed in kidney BBM (60 g) proteins isolated from alcohol-fed rats (4 wk) and their pair-fed controls and was resolved onto premade 4 -12% Bis-Tris minigels, as described in MATERIALS AND METHODS. Blots were incubated with rabbit polyclonal anti-rSMVT antibodies, and proteins were visualized by incubating with goat anti-rabbit horseradish peroxidase-conjugated secondary antibody, as described in MATERIALS AND METHODS. Respective blots were stripped and reprobed with ␤-actin antibodies to normalize equal loading in each wells (bottom). Immunoreactive bands were detected using an enhanced chemiluminescence substrate, as described in MATERIALS AND METH-ODS. B: densitometric values of the immunoreactive bands were quantified, as described in MATERIALS AND METHODS. Values are means Ϯ SE of 4 separate samples from multiple rats. *P Ͻ 0.01. Fig. 4 . Effect of chronic alcohol feeding of rats on level of expression of SMVT mRNA in kidney cortex of alcohol-fed rats and their pair-fed controls. Real-time PCR was performed using gene-specific primers for rSMVT and ␤-actin, as described in MATERIALS AND METHODS on total RNA isolated from alcohol-fed (4 wk) rats and their pair-fed controls. Values are means Ϯ SE of 5 separate samples from 5 rats. *P Ͻ 0.01. Fig. 5 . Semiquantitative RT-PCR analysis of SMVT (SLC5A6) hnRNA expression levels in kidney cortex of alcohol-fed rats and their pair-fed controls. Semiquantitative RT-PCR products for SMVT (SLC5A6) in the kidney cortex of alcohol-fed (4 wk) and their pair-fed controls were performed using gene-specific primers for SLC5A6 and rat ␤-actin, as described in MATERIALS AND METHODS. Data were normalized to rat ␤-actin. Values are means Ϯ SE of 4 separate samples from 4 rats. *P Ͻ 0.05. transgenic mice carrying the hSMVT (SLC5A6) 5=-regulatory region (Ϫ5846 to Ϫ3679), which we generated and characterized before (34), were fed an alcohol liquid diet for 4 wk; sex-matched littermates were fed an alcohol-free diet. At the end of alcohol feeding, mice were euthanized and the kidneys were removed to examine the activity of the SLC5A6 5=-regulatory region (i.e., luciferase activity). We also examined the effect of chronic alcohol feeding on the level of expression of mouse endogenous SMVT mRNA as a control. The results showed a marked reduction in the activity of the SLC5A6 5=-regulatory region (P Ͻ 0.05) (Fig. 6A ) as well as in the level of expression of the endogenous SMVT mRNA (P Ͻ 0.01) (Fig. 6B ) in alcohol-fed transgenic mice compared with their pair-fed control transgenic animals.
Effect of Chronic Alcohol Exposure on Physiological and Molecular Parameters of Biotin Uptake Process in Human Kidney Epithelial HK-2 Cells
We used HK-2 cells as an in vitro model to examine the effect of chronic alcohol exposure on physiological and molecular parameters of biotin uptake by this human renal epithelial cell line. Our previous studies have established the suitability of HK-2 cells for studying the renal biotin uptake process (3). The HK-2 cells were chronically exposed (96 h) to 50 mM alcohol, and biotin uptake was examined as described in MATERIALS AND METHODS. The results showed a significant (P Ͻ 0.01) inhibition of carrier-mediated biotin uptake in cells chronically exposed to alcohol compared with simultaneously performed control cells (Fig. 7A) .
In parallel, we transiently transfected HK-2 cells with fulllength human SLC5A6 5=-regulatory region (Ϫ5846 to Ϫ3679 bp) and chronically (96 h) exposed the cells to alcohol (50 mM) as described in MATERIALS AND METHODS, then determined promoter activity (with the luciferase reporter). Our aims here were to confirm the observed finding on the effect of chronic alcohol exposure in transgenic mice carrying the human SLC5A6 5=-regulatory region and to extend to the situation of human renal epithelial cells. The results showed that chronic alcohol exposure significantly (P Ͻ 0.01) inhibited the activity of the full-length SLC5A6 5=-regulatory region compared with its activity in control HK-2 cells (Fig. 7B) .
DISCUSSION
Chronic alcohol use leads to a marked decrease in plasma biotin levels in humans (7, 15) . While the recently reported inhibition of intestinal biotin absorption process by chronic alcohol feeding/exposure (42) may contribute toward this reduction in plasma biotin levels, a decrease in renal reabsorption of biotin may be an additional contributing factor. We investigated this possibility using an in vivo model of chronic alcohol exposure (rats and transgenic mice carrying the human full-length SLC5A6 5=-regulatory region) and an in vitro model of chronic alcohol exposure (human-derived proximal tubular kidney epithelial HK-2 cells).
Chronic alcohol feeding of rats was found to cause a significant inhibition of both the entry step (transport across the Fig. 6 . Effect of chronic alcohol feeding on activity of the SLC5A6 5=-regulatory region in kidneys of transgenic mice carrying full-length promoter construct. A: SLC5A6 5=-regulatory region activity in kidneys of alcohol-fed transgenic mice and their pair-fed controls kidney as determined by a luminometer and presented in luciferase light units. Mice carrying the human SLC5A6 5=-regulatory region (P1P2) were used, as described in MATERIALS AND METHODS. B: real-time PCR was performed on RNA isolated from alcohol-fed and pair-fed control mice kidney cortex using mouse SMVT gene-specific primers. Values are means Ϯ SE of 3 separate samples from 3 mice. *P Ͻ 0.05, **P Ͻ 0.01. Fig. 7 . Effect of chronic alcohol exposure of HK-2 cells on carrier-mediated biotin uptake and on promoter activity of the 5=-regulatory region of the SLC5A6 gene. A: HK-2 cells were exposed to 50 mM alcohol for 96 h, and carrier-mediated biotin (25 nM) uptake was carried out and compared with simultaneously performed controls, as described in MATERIALS AND METHODS. Values are means Ϯ SE of 3 separate uptake determinations performed using different passages of cells on 4 different days. *P Ͻ 0.01. B: the P1P2 (full-length SLC5A6 promoter region) in pGL3 was transfected into HK-2 cells, and the cells were then exposed to 50 mM alcohol for 96 h, as described in MATERIALS AND METHODS. The firefly luciferase activity was measured and normalized to Renilla luciferase activity, as described in MATERIALS AND METHODS. Values are means Ϯ SE of 3 separate experiments performed on different batches of cells on 3 different days. *P Ͻ 0.01. BBM domain) and the exit step (transport across the BLM domain) of biotin in the polarized renal reabsorptive epithelia. Previous studies have shown that biotin transport across the BBM of the renal reabsorptive epithelial cells to occur via a carrier-mediated, Na-dependent, electroneutral (4, 5) , while exit of biotin from the renal epithelial cells across the BLM is via a carrier-mediated, Na-independent, and electrogenic mechanism (30) . It is worth mentioning here that while ample evidence exists regarding the molecular identity of the biotin transport process across epithelial BBM, little is known about molecular identity of the biotin transport process across epithelial BLM. Our studies have also shown that the level of expression of the SMVT protein and mRNA were significantly decreased in rats fed alcohol chronically compared with their pair-fed controls. This reduction in the level of expression of SMVT mRNA in chronic alcohol-fed rats suggests that the inhibition may be exerted, at least in part, at the transcriptional level of the Slc5a6 gene. Support for this possibility came from the observation that chronic alcohol feeding leads to significant inhibition of the level of expression of SMVT hnRNA in kidney cortex of rats fed alcohol chronically. Further validation came from the observation in transgenic mice carrying the full-length human SLC5A6 5=-regulatory region where chronic alcohol feeding led to a significant inhibition of transcriptional activity of the region in the kidney. As with rats, chronic alcohol feeding led to a significant reduction in the level of expression of mouse endogenous SMVT mRNA in the kidneys of the transgenic mice fed alcohol chronically compared with its level of expression in pair-fed transgenic littermates. Obviously, other mechanisms (e.g., changes in SMVT RNA and/or protein stability) may also be involved in causing the inhibition of renal biotin transport and further investigations are required to address these issues.
We also extended our studies on the effect of chronic alcohol feeding of animals on renal biotin transport to the situation of human renal epithelial cells. This was done by examining the effect of chronic alcohol exposure of HK-2 cells on physiological and molecular parameters of biotin uptake. Again, chronic alcohol exposure of HK-2 cells led to an observed significant inhibition of carrier-mediated biotin uptake. This inhibition was again associated with a significant reduction in promoter activity of the SLC5A6 (P1P2) 5=-regulatory region in alcohol-exposed cells compared with controls. These findings demonstrate that the biotin uptake by human kidney epithelial HK-2 cells is similarly affected by chronic alcohol exposure and that the inhibitory effect is being exerted, at least in part, at the transcriptional level of the SLC5A6 gene.
If the above-described findings using animals and cultured human renal cellular preparation can be extended to the human situation in vivo, it would then suggest that impairment in the renal biotin reabsorption process is another important contributing factor in the decrease in plasma biotin level observed in chronic alcoholic subjects. However, further studies are needed to confirm this possibility. In summary, our present studies show, for the first time, that chronic alcohol feeding/exposure inhibits physiological and molecular parameters of the renal biotin reabsorption process and that the effect is (at least in part) being exerted at the transcriptional level of the SLC5A6 gene.
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